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(54) FORMATION OF RESIST PATTERN 

(57)Abstract 

PROBLEM TO BE SOLVED: To realize a technique for making resist patterns 
finer without depending on a short-wavelength light, such as ArF light 
(wavelength 1 98 nm). 

SOLUTION: A positive resist 12 is first applied on a film 10 to be formed. Next, 
the positive resist is exposed by using a prescribed mask 14. The patterns of 
the mask are transferred to the positive resist by exposing the positive resist 
via the mask. Next, the positive resist is developed to form temporary resist 
patterns 12a. Hole patterns 16a are formed in the positions of the temporary 
resist patterns corresponding to the opening parts b of the mask. The temporary 
resist patterns are baked after development. The temporary resist patterns are 
deformed by this baking, by which the resist patterns 1 2b are formed. The 
baking of the resist is intrinsically carried out for the purpose of removing the 
residual solvent and residual moisture but in this embodiment, the baking is 
executed at a temp, higher than the temp, of the ordinary baking for the purpose 
described above. The baking is executed at a temp, higher than usual in such a 
manner to reduce the size of the temporary resist patterns. Consequently, the 
bore of the hole patterns is reduced and the novel hole patterns 1 6b are formed. 
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CLAIMS 



[Claim(s)] 

[Claim l] The process which applies a resist on 
the processed film, and the process which exposes 
said resist using a predetermined mask, Said 
temporary resist pattern is made to transform by 
performing BEKU after development at the 
process which develops said resist and forms a 
temporary resist pattern, and temperature higher 
than usual BEKU aiming at clearance of a 
residual solvent and residual moisture. The 
formation approach of the resist pattern 
characterized by including the process which 
forms a resist pattern. 

[Claim 2] It is the formation approach of the 
resist pattern characterized by performing BEKU 
after said development in the formation approach 
of a resist pattern according to claim 1 at the 
temperature of the range of 120 degrees C * 130 
degrees C. 

[Claim 3] The process which applies 
POJIREJISUTO on the processed film, and the 
process which performs 1st exposure of said 
POJIREJISUTO using a predetermined mask, 
The process which develops negatives, removes 
the sensitization part of said POJIREJISUTO, 
and forms a temporary resist pattern, The 
formation approach of the resist pattern 
characterized by including the process which 
performs 2nd exposure which makes imperfection 
expose said temporary resist pattern, and the 
process which performs BEKU, is made to 
transform said temporary resist pattern, and 
forms a resist pattern. 

[Claim 4] The formation approach of the resist 
pattern characterized by performing said 2nd 
exposure at the time of activation of BEKU after 
said development in the formation approach of a 
resist pattern according to claim 3. 



[Claim 5] The process which applies 
POJIREJISUTO on the processed film, and the 
process which performs 1st exposure of said 
POJIREJISUTO using a predetermined mask, 
The process which develops negatives, removes 
the sensitization part of said POJIREJISUTO, 
and forms a temporary resist pattern, The process 
which performs the 1st BEKU at temperature 
higher than usual BEKU aiming at clearance of a 
residual solvent and residual moisture, is made to 
transform said temporary resist pattern, and 
forms a resist pattern, The formation approach of 
the resist pattern characterized by including the 
process which performs 2nd exposure which 
exposes said resist pattern thoroughly, and the 
process which performs the 2nd BEKU aiming at 
clearance of a residual solvent and residual 
moisture. 

[Claim 6] The process which applies 
POJIREJISUTO on the processed film, and the 
process which performs 1st exposure of said 
POJIREJISUTO using a predetermined mask, 
The process which develops negatives, removes 
the sensitization part of said POJIREJISUTO, 
and forms a temporary resist pattern, BEKU is 
performed at temperature higher than usual 
BEKU aiming at clearance of a residual solvent 
and residual moisture. The formation approach of 
the resist pattern characterized by inhibiting 
deformation of the temporary resist pattern 
concerned and forming a resist pattern by 
performing 2nd exposure which exposes said 
temporary resist pattern thoroughly during 
activation of said BEKU including the process 
made to transform said temporary resist pattern. 
[Claim 7] The process which applies 
POJIREJISUTO on the processed film, and the 
process which performs 1st exposure of said 
POJIREJISUTO using a predetermined mask, 
The process which develops negatives, removes 
the sensitization part of said POJIREJISUTO, 
and forms a temporary resist pattern, BEKU is 
performed at temperature higher than usual 
BEKU aiming at clearance of a residual solvent 
and residual moisture. The process made to 
transform said temporary resist pattern is 
included. During activation of said BEKU By 
performing 2nd exposure which makes 
imperfection expose said temporary resist pattern, 
and performing 3rd exposure which exposes said 
temporary resist pattern thoroughly further The 
formation approach of the resist pattern 
characterized by inhibiting deformation of the 



temporary resist pattern concerned and forming a 
resist pattern. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to 
the formation approach of the resist pattern in a 
phot lithography processes of a semi-conductor 
production process. 
[0002] 

[Description of the Prior Art] Generally in 
semi-conductor manufacture, a phot lithography 
techniques are used as a component or the 
pattern formation approach of wiring. Phot 
lithography performs patterning using aligners, 
such as a stepper, to the photoresist applied on 
the substrate. It is required with high integration 
and detailed-izing of LSI in recent years that a 
more detailed resist pattern should be formed. 
For this reason, instead of i line (wavelength of 
365nm) of a mercury lamp, the deep UV 
(ultraviolet) light (wavelength of 248nm) of KrF 
excimer laser is beginning to be applied as an 
exposure light for forming a resist pattern. 
Formation of a thereby more detailed resist 
pattern is being attained. 

[0003] However, the conventional resist for i lines 
does not have high sensibility 248nm near light 
wave length. Therefore, the resist of dedication 
which has high sensibility in the wavelength field 
of deep UV light must be used. Chemistry 
magnification mold POJIREJISUTO is marketed 
as a resist which has high sensitivity 
comparatively in current and a deep UV 
wavelength field. It is thought that the 
predominance of the sensibility of this type of 
resist continues not to change, therefore becomes 
the mainstream of a resist. 
[0004] 

[Problem(s) to be Solved by the Invention] 
However, the demand of detailed-izing of the 
further pattern continues to be made, and any are 
expected that a limitation comes also to 
above-mentioned KrF excimer laser and the 
pattern formation approach using chemistry 
magnification mold POJIREJISUTO. Moreover, 
now, utilization of the exposure technique using 
short wave Nagamitsu, such as ArF light 
(wavelength of 198nm), is not in prospect. 
Therefore, it is necessary to consider the 



detailed ized technique of a resist pattern newly 
without depending on short wavelength- ization of 
such an exposure light. 
[0005] 

[Means for Solving the Problem] Then, the 
process which applies a resist on the processed 
film according to the formation approach of the 
resist pattern this invention, The process which 
exposes a resist using a predetermined mask, and 
the process which develops a resist and forms a 
temporary resist pattern, By performing BEKU 
after development at temperature higher than 
usual BEKU aiming at clearance of a residual 
solvent and residual moisture, a temporary resist 
pattern is made to transform and it is 
characterized by including the process which 
forms a resist pattern. 

[0006] Thus, a temporary resist pattern can be 
made to transform by performing BEKU after 
development. This is because a scarce resist 
becomes bored by thermal resistance in response 
to heat (this phenomenon is called a heat flow.). 
For example, by the hole pattern formed in the 
resist, the resist part around a hole melts in a 
hole, and the aperture of a hole contracts. Thus, 
the pattern dimension of a temporary resist 
pattern can be made to reduce by BEKU. And 
since it is generated in homogeneity in each part, 
the cutback of this pattern dimension is not 
dependent on a pattern (configuration). 
[0007] Moreover, the amount of cutbacks of a 
pattern dimension is controllable by - the 
temperature of BEKU. As mentioned above, 
BEKU after development is good to carry out at 
temperature higher than usual BEKU aiming at 
clearance of a residual solvent and residual 
moisture. 

[0008] For example, it is common to perform 
usual BEKU at about 90 degrees C to chemistry 
magnification mold POJIREJISUTO TDUR-P7 
(trade name) by TOKYO OHKA KOGYO CO., 
LTD. However, when aiming at the cutback of a 
pattern dimension, it is suitable to perform BEKU 
after development at the temperature of the range 
of 120 degrees C - 130 degrees C. 
[0009] Moreover, the process which applies 
POJIREJISUTO on the processed film according 
to the formation approach of the resist pattern 
this invention, The process which performs 1st 
exposure of POJIREJISUTO using a 
predetermined mask, It is characterized by 
including the process which develops negatives, 
removes the sensitization part of POJIREJISUTO 



and forms a temporary resist pattern, the process 
which performs 2nd exposure which makes 
imperfection expose a temporary resist pattern, 
and the process which performs BEKU, is made to 
transform a temporary resist pattern, and forms a 
.resist pattern. 

[0010] Thus, 2nd exposure is performed to the 
non-exposed part, i.e., the temporary resist 
pattern, after the 1st exposure. In this 2nd 
exposure, if it is made to perform complete 
exposure of suitable light exposure with the light 
of suitable wavelength, the thermal resistance of 
a temporary resist pattern will improve. 
Therefore, the amount of dimension cutbacks of 
the temporary resist pattern to change of the 
temperature of BEKU becomes small. Therefore, 
the amount of dimension cutbacks of a pattern is, 
controllable by the 2nd exposure and BEKU. 
[0011] Moreover, in the formation approach of the 
resist pattern this invention, it is good preferably 
to perform 2nd exposure at the time of activation 
of BEKU after development. 

[0012] If it does in this way, since the 2nd 
exposure will be completed in BEKU time amount, 
a throughput does not fall. 

[0013] Moreover, the process which applies 
POJIREJISUTO on the processed film according 
to the formation approach of the resist pattern 
this invention, The process which performs 1st 
exposure of POJIREJISUTO using. a 
predetermined mask, The process which develops 
negatives, removes the sensitization part of 
POJIREJISUTO and forms a temporary resist 
pattern, The process which performs the 1st 
BEKU at temperature higher than usual BEKU 
aiming at clearance of a residual solvent and 
residual moisture, is made to transform a 
temporary resist pattern, and forms a resist 
pattern, It is characterized by including the 
process which performs 2nd exposure which 
exposes a resist pattern thoroughly, and the 
process which performs the 2nd BEKU aiming at 
clearance of a residual solvent and residual 
moisture. 

[0014] Thus, the 1st BEKU is performed for the 
purpose of the dimension cutback of a pattern, 
and 2nd exposure is performed continuously. 
Since the resist pattern formed of the 1st BEKU 
is thoroughly exposed in this 2nd exposure, 
deformation of a pattern does not arise in the 2nd 
BEKU performed next. That is, in this 2nd BEKU, 
clearance of the residual solvent contained in a 
resist pattern and residual moisture can be aimed 



at. Thus, the amount of dimension cutbacks of a 
pattern is controllable by the temperature and 
time amount of the 1st BEKU. 

[0015] Moreover, the process which applies 
POJIREJISUTO on the processed film according 
to the formation approach of the resist pattern 
this invention, The process which performs 1st 
exposure of POJIREJISUTO using a 
predetermined mask, The process which develops 
negatives, removes the sensitization part of 
POJIREJISUTO and forms a temporary resist 
pattern, BEKU is performed at temperature 
higher than usual BEKU aiming at clearance of a 
residual solvent and residual moisture. It is 
characterized by inhibiting deformation of the 
temporary resist pattern concerned and forming a 
resist pattern by performing 2nd exposure which 
exposes a temporary resist pattern thoroughly 
during activation of BEKU including the process 
made to transform a temporary resist pattern. 
[0016] Thus, a temporary resist pattern is 
thoroughly exposed by performing 2nd exposure 
in the middle of BEKU. Therefore, the amount of 
dimension cutbacks of a temporary resist pattern 
is controllable by baking temperature and time 
amount until it performs 2nd exposure from 
BEKU initiation. Moreover, after the 2nd 
exposure can perform BEKU continuously for the 
purpose of clearance of the residual solvent 
contained in a resist pattern, and residual 
moisture. Therefore, a throughput does not fall. 
[0017] Moreover, the process which applies 
POJIREJISUTO on the processed film according 
to the formation approach of the resist pattern 
this invention, The process which performs 1st 
exposure of POJIREJISUTO using a 
predetermined mask, The process which develops 
negatives, removes the sensitization part of 
POJIREJISUTO and forms a temporary resist 
pattern, BEKU is performed at temperature 
higher than usual BEKU aiming at clearance of a 
residual solvent and residual moisture. By 
performing 2nd exposure which makes 
imperfection expose a temporary resist pattern 
during activation of BEKU including the process 
made to transform a temporary resist pattern, 
and performing 3rd exposure which exposes a 
temporary resist pattern thoroughly further It is 
characterized by inhibiting deformation of the 
temporary resist pattern concerned and forming a 
resist pattern. 

[0018] Thus, imperfection is made to expose a 
temporary resist pattern by performing 2nd 



exposure in the middle of BEKU. Consequently, 
the thermal resistance of a temporary resist 
pattern improves. Then, a temporary resist 
pattern is thoroughly exposed by performing 3rd 
exposure during activaticm of BEKU. Therefore, it 
controllable by light exposure [ in / for the 
amount of dimension cutbacks of a temporary 
resist pattern / baking temperature and the 2nd 
exposure ], and time amount until it performs 3rd 
exposure from BEKU initiation. Moreover, after 
the 3rd exposure can perform BEKU continuously 
for the purpose of clearance of the residual 
solvent contained in a resist pattern, and residual 
moisture. Therefore, a throughput does not fall. 
[0019] 

[Embodiment of the Invention] Hereafter, with 
reference to drawing, it explains per gestalt of 
implementation of this invention. In addition, 
drawing has shown the configuration etc. roughly 
to extent which can understand this invention. 
Moreover, numerical conditions, an ingredient, etc. 
which are indicated below are only a mere 
example. Therefore, this invention is not limited 
to the gestalt of this operation at all. 
[0020] [the gestalt of the 1st operation] - the 
gestalt of this operation explains per 1st 
formation approach of a resist pattern. Drawing 1 
is a sectional view with which explanation of the 
1st formation approach of a resist pattern is 
presented. By this approach, POJIREJISUTO 12 
is first applied on the processed film 10 ( drawing 
1 (A)). The processed film 10 is film which 
performs patterning by etching which used the 
resist pattern. This resist pattern processes and 
forms POJIREJISUTO 12. As POJIREJISUTO 12, 
chemistry magnification mold POJIREJISUTO 
(TDUR P7 by TOKYO OHKA KOGYO CO., LTD.) 
is used. POJIREJISUTO 12 is applied and formed 
in the top face of the processed film 10 by the 
revolution applying method. In this example, 
POJIREJISUTO 12 of 10000A (angstrom) 
thickness is formed. 

[0021] Next, POJIREJISUTO 12 is exposed using 
the predetermined mask 14 ( drawing 1 (B)). By 
exposing POJIREJISUTO 12 through a mask 14, 
the pattern of a mask 14 is imprinted to 
POJIREJISUTO 12. With the gestalt of this 
operation, this exposure is performed using the 
KrF excimer laser light a. That is, it lets the 
opening part b of a mask 14 pass, and a laser 
beam with a wavelength of 248nm is irradiated at 
POJIREJISUTO 12. Consequently, the part of 
POJIREJISUTO 12 irradiated by the laser beam 



exposes. Therefore, the latent image reflecting the 
pattern of a mask 14 is formed in 
POJIREJISUTO 12 as a non-exposed part. In 
addition, what is necessary is just to set up the 
physical relationship of POJIREJISUTO 12 and a 
mask 14 etc. suitably according to various kinds 
of exposure methods. 

[0022] Next, POJIREJISUTO 12 is developed and 
temporary resist pattern 12a is formed ( drawing 
1 (O). As a developer, alkali water solutions, such 
as a TMAH water solution, are used. The 
processed film 10 which exposure ended is made 
immersed in this developer, it dissolves selectively 
and the sensitization part of POJIREJISUTO 12 
is removed. Then, since the pattern corresponding 
to the latent image of POJIREJISUTO 12 
remains on the processed film 10, temporary 
resist pattern 12a of a predetermined pattern is 
obtained. As shown in drawing 1 (C), hole pattern 
16a is formed in the location of temporary resist 
pattern 12a corresponding to the opening part b of 
a mask 14. 

[0023] BEKU of temporary resist pattern 12a is 
performed after development. Temporary resist 
pattern 12a is made to transform by this BEKU, 
and resist pattern 12b is formed ( drawing 1 (D)). 
Properly speaking, BEKU to a resist carries out 
for the purpose of clearance of a residual solvent 
and residual moisture. However, the gestalt of 
this operation performs BEKU at temperature 
higher than usual BEKU of the above-mentioned 
object. Thus, the dimension of temporary resist 
pattern 12a is made to reduce by performing 
BEKU at temperature higher than usual. That is, 
the aperture of hole pattern 16a is made to reduce, 
and new hole pattern 16b is formed. 
[0024] Drawing 2 is a graph which shows the 
BEKU time dependency of a pattern dimension 
typically. Time amount is taken along an axis of 
abscissa, and a dimension is taken along an axis 
of ordinate and it is shown in it. Among drawing, 
time amount tO is BEKU start time, and time 
amount tl is BEKU end time. Moreover, each of 
the segments a, b, c, and d shown in drawing 2 
shows time amount change of the pattern 
dimension value (aperture value of hole pattern 
16b (16a)) when changing baking temperature, 
respectively. Segment a shows the dimensional 
change at the time of setting up the usual baking 
temperature. Moreover, Segments b, c, and d 
show the dimensional change at the time of 
setting up temperature highly rather than the 
usual baking temperature. In addition, Segments 



b, c, and d correspond, when baking temperature 
is highly set up in this sequence. For example, 
when making baking temperature at the time of 
usual BEKU into 90 degrees C, the gestalt of this 
operation performs BEKU at the temperature of 
120 degrees C, 125 degrees C, or 130 degrees C. 
In this case, Segment a shows the dimensional 
change at the time of 90 degrees C, Segment b 
shows the dimensional change at the time of 120 
degrees C, Segment c shows the dimensional 
change at the time of 125 degrees C, and Segment 
d shows the dimensional change at the time of 
130 degrees C. As shown in drawing 2 , a pattern 
dimension contracts with the passage of time 
during BEKU activation. And the one where 
baking temperature is higher has the large 
reduction percentage of a pattern dimension so 
that clearly from comparison of each segment. 
[0025] Drawing 3 is a graph which shows the 
baking temperature dependency of a pattern 
dimension. Baking temperature (degree*C unit) is 
taken along an axis of abscissa, and the range of 
80 degrees C - 130 degrees C is shown with the 
graduation on it every 10 degrees C. Moreover, a 
pattern dimension (micrometer unit) is taken 
along an axis of ordinate, and the range of 0.15 
micrometers - 0.3 micrometers is indicated to be a 
graduation every 0.05 micrometers. In the graph, 
the aperture of measured hole pattern 16b is 
made equivalent to baking temperature, and the 
white round-head notation has shown. In addition, 
BEKU time amount (that is, (tl-t0), it is 
equivalent to time amount.) was made into 60 
seconds. 

[0026] Moreover, drawing 4 is the table showing 
the aperture value of measured hole pattern 16b. 
In the 1st line of a table, baking temperature and 
BEKU time amount are indicated. And to the 2nd 
line of a table, corresponding measured value is 
indicated per mum. That is, an aperture value is 
0.174 micrometers, when it is "90-degree-C60s" 
(that is, baking temperature is 90 degrees C and 
BEKU time amount is 60 seconds.), aperture 
values are 0.269 micrometers and 
,f 120-degree-C60s" (that is, baking temperature is 
120 degrees C and BEKU time amount is 60 
seconds.) and aperture values are 0.245 
micrometers and "125*degree-C60s" (that is, 
baking temperature is 125 degrees C and BEKU 
time amount is 60 seconds.. 

[0027] Therefore, the one where baking 
temperature is higher has the large rate of 
cutback-izing of a pattern dimension so that 



clearly from drawing 3 and drawing 4 . It is 
suitable for BEKU after this development to carry 
out at the temperature of the range of 120 degrees 
C - 130 degrees C. 

[0028] As explained above, the amount of 
cutbacks of a pattern dimension is controllable by 
baking temperature. Moreover, it does not depend 
for this amount of dimension cutbacks on the 
configuration of hole pattern 16a after 
development. That is, it does not depend for the 
amount of cutbacks of the pattern dimension of 
hole pattern 16b on the pattern dimension of a 
mask 14. 

[0029] Drawing 5 is a graph which shows the 
relation between a mask dimension and a pattern 
dimension. A mask dimension (micrometer unit) 
is taken along an axis of abscissa, and the range 
of 0.2 micrometers - 0.5 micrometers is indicated 
to be a graduation every 0.05 micrometers. This 
mask dimension is the value of the aperture of the 
opening part b of the mask 14 shown in drawing 1 
(B). A pattern dimension (micrometer unit) is 
taken along an axis of ordinate, and the range of 0 
micrometer - 0.6 micrometers is indicated to be a 
graduation every 0.1 micrometers. The measured 
pattern dimension is the value of the aperture of 
hole pattern 16b shown in drawing 1 (D). 
[0030] Moreover, it is asking for the relation 
between a mask dimension and a pattern 
dimension from different baking temperature, 
respectively. A white round-head notation is 
among drawing as a result of [ when making 
baking temperature into 90 degrees C ] 
measurement. Each **** notation is mutually 
combined by Segment a, and it has expressed. 
Moreover, a rectangular- head notation is as a 
result of [ when making baking temperature into 
120 degrees C ] measurement. Four angle each 
notations are mutually combined by Segment b, 
and it has expressed. Moreover, a triangular 
notation is as a result of [ when making baking 
temperature into 125 degrees C ] measurement. 
Three angle each notations are mutually 
combined by Segment c, and it has expressed. 
Moreover, a reverse triangular notation is as a 
result of [ when making baking temperature into 
130 degrees C ] measurement. Each reverse 
triangular notation is mutually combined by 
Segment d, and it has expressed. In addition, both 
the BEKU time amount of each BEKU is 60 
seconds. 

[0031] Drawing 6 is the table showing the 
aperture value of measured hole pattern 16b. In 



the 1st line of a table, baking temperature and 
BEKU time amount are indicated. Moreover, the 
mask dimension value (micrometer unit) is 
indicated to eye 1 of a table train. And the 
measured value of a pattern dimension is 
indicated per mum, respectively in each column to 
which the 2nd line of a table and henceforth [ 2 
train ] correspond. 

f0032] Therefore, as shown in drawing 5 and 
drawing 6 , as for a pattern dimension and a 
mask dimension, it turns out that it has the 
relation of direct proportion mostly. And it is not 
based on baking temperature but the rate of 
change of the pattern dimension to a mask 
dimension becomes almost fixed. Therefore, it 
does not depend for the amount of cutbacks of a 
pattern dimension on the difference in some mask 
dimension. 

[0033] Moreover, it seldom depends for the 
amount of cutbacks of a pattern dimension also to 
the difference among exposure conditions etc. For 
example, a pattern dimension has a small 
dependence over the focus at the time of exposure 
(distance between the focus of exposure light, and 
a resist). Drawing 7 is a graph which shows the 
relation between a focus and a pattern dimension. 
A focus (micrometer unit) is taken along an axis of 
abscissa, and the range of -0.5 micrometers - 1 
micrometer is indicated to be a graduation every 
0.5 micrometers. Moreover, a pattern dimension 
(micrometer unit) is taken along an axis of 
ordinate, and the range of 0 micrometer ■ 0.3 
micrometers is indicated to be a graduation every 
0.05 micrometers. 

[0034] Moreover, it is asking for the relation 
between a focus and a pattern dimension from 
different baking temperature, respectively. A 
white round head notation is among drawing 7 as 
a result of [ when making baking temperature 
into 90 degrees C ] measurement. Each **** 
notation is mutually combined by Segment a, and 
it has expressed. Moreover, a rectangular-head 
notation is as a result of [ when making baking 
temperature into 120 degrees C ] measurement. 
Four angle each notations are mutually combined 
by Segment b, and it has expressed. Moreover, a 
triangular notation is as a result of [ when 
making baking temperature into 125 degrees C ] 
measurement. Three angle each notations are 
mutually combined by Segment c, and it has 
expressed. In addition, both the BEKU time 
amount of each BEKU is 60 seconds. 
[0035] Moreover, drawing 8 is the table showing 



the aperture value of measured hole pattern 16b. 
In the 1st line of a table, baking temperature and 
BEKU time amount are indicated. Moreover, the 
focal value (micrometer unit) is indicated to eye 1 
of a table train. And the measured value of a 
pattern dimension is indicated per mum, 
respectively in each column to which the 2nd line 
of a table and henceforth [ 2 train ] correspond. 
[0036] Therefore, as shown in drawing 7 and 
drawing 8 , the pattern dimension is almost fixed 
to change of a focus. That is, change of the pattern 
dimension by the difference in a focus is small. 
Therefore, a pattern dimension can be made to 
reduce according to the approach of the gestalt 
this operation, without harming the margin to the 
focus and light exposure in a process 
conventionally. And by the approach of the gestalt 
this operation, since setting out of baking * 
temperature is only conventionally changed to a 
process, it is not necessary to change an 
equipment configuration. Therefore, a throughput 
does not fall. 

[0037] It explains per [the gestalt of the 2nd 
operation], next 2nd formation approach of a 
resist pattern. With reference to drawing 1 (A) ■ 
(C) and drawing 9 , it explains about the process 
of this 2nd formation approach. Drawing 9 is a 
sectional view with which explanation of the 2nd 
formation approach is presented. 
[0038] First, POJIREJISUTO 12 is applied on the 
processed film 10 ( drawing 1 (A)). Next, 1st 
exposure of POJIREJISUTO 12 is performed 
using the predetermined mask 14 ( drawing 1 (B)). 
Next, negatives are developed, the sensitization 
part of POJIREJISUTO 12 is removed, and 
temporary resist pattern 12a is formed ( drawing 
1 (O). Hole pattern 16a is formed in 
POJIREJISUTO 12. 

[0039] Then, with the gestalt of this operation, 
2nd exposure for making imperfection expose 
temporary resist pattern 12a is performed 
( drawing 9 (A)). For example, using the usual 
deep UV one-shot exposure machine, suitable 
wavelength and light exposure are set up so that 
temporary resist pattern 12a may not be exposed 
thoroughly, and complete exposure is performed. 
In this example of formation, this complete 
exposure is performed by irradiating the light a of 
wavelength with a main wavelength of 365nm. 
Thus, if imperfection sensitization is carried out, 
the thermal resistance of temporary resist pattern 
12a can be raised. 

[0040] Next, perform BEKU, temporary resist 



pattern 12a is made to transform like the time of 
the 1st formation approach, and resist pattern 
12b is formed ( drawing 9 (B)). The pattern 
dimension (aperture) of hole pattern 16a contracts, 
and new hole pattern 16b is obtained by this 
JBEKU. However, since imperfection is made to 
have exposed temporary resist pattern 12a in the 
2nd exposure process mentioned above, compared 
with the case of the 1st formation approach, the 
amount of cutbacks of a pattern dimension is 
small. 

[0041] Drawing 10 is a graph which shows the 
BEKU time dependency of a pattern dimension. 
Time amount is taken along an axis of abscissa, 
and the dimension is taken and shown on the axis 
of ordinate. The segments a, b, c, and d shown in 
drawing 10 are equivalent to the segments a, b, c, 
and d shown in drawing 2 , respectively. The time 
amount t2 before the BEKU start time tO is made 
to begin, and the time amount t3 before the 
BEKU start time tO is made to end the 2nd 
exposure similarly, as shown in drawing 10 . The 
difference between the 1st formation approach 
and the 2nd formation approach is the existence 
of . this 2nd exposure. And according to this 2nd 
formation approach, the rate of the change to the 
time amount of a pattern dimension becomes 
small so that clearly from comparison with 
drawing 2 and drawing 10 . Therefore, the 
amount of dimension cutbacks is controllable by 
higher precision. 

[0042] Next, a actual measurement result is 
shown in drawing 11 and drawing 12 . Drawing 
11 is a graph which shows the baking 
temperature dependency of the amount of 
dimension cutbacks. Baking temperature 
(degree-C unit) is taken along an axis of abscissa, 
and the range of 120 degrees C - 130 degrees C is 
shown with the graduation on it every 5 degrees C. 
Moreover, along the axis of ordinate, the amount 
of dimension cutbacks (micrometer unit) is taken. 
This amount of dimension cutbacks is an amount 
expressed on the basis of the pattern dimension 
when BEKU [ the temperature of 90 degrees C ]. 
The amount of dimension cutbacks has indicated 
the range of 0 micrometer - 0.2 micrometers to be 
a graduation every 0.05 micrometers. 
[0043] The measurement result of the amount of 
dimension cutbacks at the time of performing 2nd 
exposure and the measurement result of the 
amount of dimension cutbacks at the time of not 
performing 2nd exposure are shown in drawing 
11 . A white round-head notation is among 



drawing as a result of [ at the time of not 
performing 2nd exposure ] measurement. Each 
**** notation is mutually combined by Segment a, 
and it has expressed. Moreover, a 
rectangular- head notation is as a result of [ at the 
time of performing 2nd exposure ] measurement. 
Four angle each notations are mutually combined 
by Segment b, and it has expressed. 
[0044] Drawing 12 is the table showing the 
aperture value of measured hole pattern 16b. 
Baking temperature is indicated to the 1st line of 
a table. Moreover, the existence of the 2nd 
exposure is indicated to eye 1 of a table train. And 
the measured value of the amount of dimension 
cutbacks is indicated per mum, respectively in 
each column to which the 2nd line of a table and 
henceforth [ 2 train ] correspond. 
[0045] As shown in drawing 11 and drawing 12 , 
compared with the case where the direction at the 
time of performing 2nd exposure is not exposed, 
change of the amount of dimension cutbacks to 
change of baking temperature is small. Thus, 
since the thermal resistance of a resist improves 
moderately by performing 2nd exposure, the 
amount of dimension cutbacks changes gently to 
change of baking temperature. 
[0046] Next, with reference to drawing 13 and 
drawing 14 , it explains per [ to the light exposure 
of a pattern dimension ] change. Drawing 13 is a 
graph which shows the light exposure dependency 
of a pattern dimension (aperture of hole pattern 
16b). an axis of abscissa .-- light exposure ,(mJ/cm2 
unit) -- taking -- 0 mJ/cm2 - 500 mj/cm2 the 
range - 100 mJ/cm2 every it is indicated as the 
graduation. Moreover, a pattern dimension 
(micrometer unit) is taken along an axis of 
ordinate, and the range of 0 micrometer - 0.3 
micrometers is indicated to be a graduation every 
0.05 micrometers. A white round-head notation 
shows the measured value of a pattern dimension 
in a graph, and it combines each **** notation by 
Segment a, and is shown. 

[0047] Moreover, drawing 14 is the table showing 
the aperture value of measured hole pattern 16b. 
In the 1st line of a table, it is light exposure 
mJ/cm2 The unit has indicated. And the 
measured value of a pattern dimension is 
indicated per mum in each corresponding column 
of the 2nd line of a table, respectively. 
[0048] In addition, the measurement result shown 
in drawing 13 and drawing 14 is a thing at the 
time of performing BEKU for 60 seconds at the 
temperature of 125 degrees C. As shown in 



drawing 13 and drawing 14 , a pattern dimension 
increases according to the increment in light 
exposure. That is, the amount of dimension 
cutbacks can be made small, so that light 
exposure is made [ many ]. 

[0049] As explained above, according to the 2nd 
formation approach, the amount of dimension 
cutbacks is controllable by the baking 
Temperature of BEKU after development, and the 
light exposure of the 2nd exposure. And a hole 
pattern dimension can be made to reduce like the 
1st formation approach mentioned above, without 
harming the margin to the light exposure and the 
focus in a process conventionally. 
[0050] It explains per [the gestalt of the 3rd 
operation], next 3rd formation approach of a 
resist pattern. When the 3rd formation approach 
and the 2nd formation approach are contrasted, 
by this 3rd formation approach, the feature is in 
the point performed at the time of activation of 
BEKU after developing the 2nd exposure 
mentioned above. 

[0051] First, POJIREJISUTO 12 is applied on the 
processed film 10 ( drawing 1 (A)). Then, 1st 
exposure of POJIREJISUTO 12 is performed 
using the predetermined mask 14 ( drawing 1 (B)). 
Next, negatives are developed, the sensitization 
part of POJIREJISUTO 12 is removed, and 
temporary resist pattern 12a is formed ( drawing 
1(C)). 

[0052] Next, it exposes using the aligner 
(multiple -purpose light unit) with which the 
BEKU means was built in, performing BEKU. 
With the gestalt of this operation, temporary 
resist pattern 12a is exposed immediately after 
BEKU initiation. This exposure is equivalent to 
the 2nd exposure explained with the gestalt of the 
2nd operation. Therefore, imperfection is made to 
expose temporary resist pattern 12a in the 
exposure performed into this BEKU. And the 
thermal resistance of temporary resist pattern 
12a is moderately raised by this exposure. 
[0053] Drawing 15 is a graph which shows the 
BEKU time dependency of a pattern dimension. 
Time amount is taken along an axis of abscissa, 
and the dimension is taken and shown on the axis 
of ordinate. The segments a, b, c, and d shown in 
drawing 15 are equivalent to the segments a, b, c, 
and d shown in drawing 2 , respectively. The same 
time amount as the BEKU start time tO is made 
to start the 2nd exposure, as shown in this graph. 
Moreover, the time amount t2 before the BEKU 
end time tl is made to end the 2nd exposure. 



Thus, since exposure is made to start in a BEKU 
process and exposure is terminated in a BEKU 
process, a throughput does not fall. 
[0054] With reference to drawing 16 , it explains 
about [the gestalt of the 4th operation], next the 
4th formation approach of a resist pattern. 
Drawing 16 is a sectional view with which 
explanation of the 4th formation approach of a 
resist pattern is presented. In addition, since the 
middle includes the same process substantially 
with the 1st formation approach, with reference to 
drawing 1 , it explains briefly per this process 
first. 

[0055] First, POJIREJISUTO 12 is applied on the 
processed film 10 ( drawing 1 (A)). Then, 1st 
exposure of POJIREJISUTO 12 is performed 
using the predetermined mask 14 ( drawing 1 (B)). 
Next, negatives are developed, the sensitization 
part of POJIREJISUTO 12 is removed, and 
temporary resist pattern 12a is formed ( drawing 
I (C) and drawing 16 (A)). Therefore, hole pattern 
16a is formed in POJIREJISUTO 12. 
[0056] And perform the 1st BEKU at temperature 
higher than usual BEKU aiming at clearance of a 
residual solvent and residual moisture, temporary 
resist pattern 12a is made to transform, and 
resist pattern 12b is formed ( drawing 16 (B)). 
This BEKU is performed at about 120 degrees C. 
Temporary resist pattern 12a lacking in thermal 
resistance produces a heat flow, and a 
configuration changes with these BEKU. And the 
pattern dimension (aperture) of hole pattern 16a 
contracts, and new hole pattern 16b is formed. 
[0057] Next, 2nd exposure which exposes resist 
pattern 12b thoroughly is performed ( drawing 16 
(O). That is, the deep UV light of sufficient light 
exposure which exposes a resist thoroughly is 
irradiated at resist pattern 12b using a deep UV 
one shot exposure machine. Thus, by performing 
complete exposure, the thermal resistance of 
resist pattern 12b is raised. 

[0058] And the 2nd BEKU aiming at clearance of 
a residual solvent and residual moisture is 
performed ( drawing 16 (D)). At this BEKU 
process, since resist pattern 12b has already had 
sufficient thermal resistance at this event, a heat 
flow does not arise. Therefore, clearance of the 
residual solvent whose 1st BEKU process was 
insufficient, and residual moisture can be 
performed. 

[0059] Drawing 17 is a graph which shows the 
BEKU time dependency of a pattern dimension. 
Time amount is taken along an axis of abscissa, 



and the dimension is taken and shown on the axis 
of ordinate. The segments a, b, and c shown in 
drawing 17 are equivalent to the segments a, b, 
and c shown in drawing 2 , respectively. As shown 
in this drawing 17 , time amount tO is made to 
start the 1st BEKU, and the time amount of tl is 
terminated. Then, the 2nd exposure is started to 
time amount t2, and this exposure is performed to 
time amount t3. And finally the 2nd BEKU is 
performed in the time amount of t4 and t5. 
[0060] Therefore, the amount of dimension 
cutbacks of a resist pattern is controllable by this 
formation approach with the 1st baking 
temperature and the 1st BEKU time amount 
(tl-tO). And it does not depend for the amount of 
dimension cutbacks on the configuration 
difference of some hole pattern produced by the 
variation in the hole pattern dimension after 
development, and the conditions of the 1st 
exposure. Therefore, the dimension of a hole 
pattern can be made to reduce, without harming 
the margin to the light exposure and the focus in 
a process conventionally. 

[0061] In addition, since thermal resistance of 
resist pattern 12b improves substantially by 2nd 
exposure, even if it performs the 2nd BEKU with 
the same baking temperature as the 1st BEKU, a 
configuration does not change. Therefore, the 1st 
BEKU and the 2nd BEKU can be performed using 
the same BEKU plate, and an additional BEKU 
plate is not needed. 

[0062] It explains per [the gestalt of the 5th 
operation], next 5th formation approach of a 
resist pattern. By the 5th formation approach, 
2nd exposure is performed at the time of BEKU 
after development. Deformation of a temporary 
resist pattern is made to stop by exposing a 
temporary resist pattern thoroughly in this 2nd 
exposure. With reference to drawing 1 and 
drawing 18 , it explains about this 5th formation 
approach. 

[0063] First, POJIREJISUTO 12 is applied on the 
processed film 10 ( drawing 1 (A)). Then, 1st 
exposure of POJIREJISUTO 12 is performed 
using the predetermined mask 14 ( drawing 1 (B)). 
Next, negatives are developed, the sensitization 
part of POJIREJISUTO 12 is removed, and 
temporary resist pattern 12a is formed ( drawing 
1 (O). Therefore, hole pattern 16a is formed in 
POJIREJISUTO 12. 

[0064] Next, it exposes using the aligner 
(multiple-purpose light unit) with which the 
BEKU means was built in, performing BEKU. 



This BEKU is performed at temperature higher 
than usual BEKU aiming at clearance of a 
residual solvent and residual moisture, and is 
made to transform temporary resist pattern 12a. 
And after only suitable time amount performs 
BEKU, temporary resist pattern 12a is exposed. 
This exposure is equivalent to the 2nd exposure 
explained with the gestalt of the 4th operation. 
Therefore, in the exposure performed into this 
BEKU, temporary resist pattern 12a is exposed 
thoroughly. And by this exposure, the thermal 
resistance of temporary resist pattern 12a is 
raised, and deformation by BEKU is inhibited. 
[0065] Drawing 18 is a graph which shows the 
BEKU time dependency of a pattern dimension. 
Time amount is taken along an axis of abscissa, 
and the dimension is taken and shown on the axis 
of ordinate. The segments a, b, and c shown in 
drawing 18 are equivalent to the segments a, b, 
and c shown in drawing 2 , respectively. 
[0066] BEKU after development is made to start 
at the time of time amount tO, as shown in 
drawing 18 . Then, when temperature is usually 
highly set up rather than the time of BEKU (in 
the case of the segments b and c of drawing 18 ), a 
pattern dimension decreases with the passage of 
time (however, as shown in drawing 18 , a pattern 
dimension does not necessarily fall linearly). 
Then, the 2nd exposure is made to start at the 
time of time amount tl. It continues to time 
amount t2, and this exposure is performed. 
Reduction of a pattern dimension stops and 
predetermined resist pattern 12b, therefore hole 
pattern 16b are obtained by this exposure (refer 
to drawing 1 (D).). However, as shown in drawing 
18 , the cutback of a pattern dimension does not 
necessarily stop at initiation and coincidence of 
exposure. . After that, BEKU is performed 
continuously and terminated at the time of the 
suitable time amount t3. 

[0067] Thus, by the 5th formation approach, the 
amount of cutbacks of a pattern dimension is 
controllable by the temperature of BEKU after 
development, and time amount (tl"t0) after 
starting BEKU until it starts exposure. Moreover, 
the light exposure at the time of exposure is 
controllable by adjusting time amount (t2 tl) etc 
Moreover, the residual solvent and residual 
moisture which are contained in resist pattern 
12b are thoroughly removable with BEKU after 
exposure termination. In addition, since it is 
made to start in a BEKU process and the 2nd 
exposure is terminated in a BEKU process, a 



throughput does not fall. 

[0068] It explains per [the gestalt of the 6th 
operation], next 6th formation approach of a 
resist pattern. By this 6th formation approach, 
two exposure is performed during the BEKU 
Activation after development. In the first exposure, 
imperfection is made to expose temporary resist 
pattern 12a, and it plans making moderate speed 
of a cutback of the pattern dimension by BEKU. 
Moreover, in the next exposure, temporary resist 
pattern 12a is exposed thoroughly, and the 
cutback of the pattern dimension by BEKU is 
stopped. 

[0069] First, POJIREJISUTO 12 is applied on the 
processed film 10 ( drawing 1 (A)). Then, 1st 
exposure of POJIREJISUTO 12 is performed 
using the predetermined mask 14 ( drawing 1 (B)). 
Next, negatives are developed, the sensitization 
part of POJIREJISUTO 12 is removed, and 
temporary resist pattern 12a is formed ( drawing 

l (O). 

[0070] Next, it exposes using the aligner 
(multiple -purpose light unit) with which the 
BEKU means was built in, performing BEKU. 
With the gestalt of this operation, temporary 
resist pattern 12a is exposed immediately after 
BEKU initiation. This exposure is equivalent to 
the 2nd exposure explained with the gestalt of the 
2nd operation. Therefore, imperfection is made to 
expose temporary resist pattern 12a in the 
exposure performed into this BEKU. And the 
thermal resistance of temporary resist pattern 
12a is moderately raised by this exposure. 
[0071] Next, after only suitable time amount 
performs BEKU continuously, 3rd exposure for 
exposing temporary resist pattern 12a thoroughly 
is performed. Consequently, deformation of 
temporary resist pattern 12a stops, and resist 
pattern 12b is obtained. This 3rd exposure is also 
performed using the same multiple -purpose light 
unit as the 2nd exposure. This 3rd exposure is 
equivalent to the 2nd exposure explained with the 
gestalt of the 5th operation. 

[0072] Drawing 19 is a graph which shows the 
BEKU time dependency of a pattern dimension. 
Time amount is taken along an axis of abscissa, 
and the dimension is taken and shown on the axis 
of ordinate. The segments a, b, and c shown in. 
drawing 19 are equivalent to the segments a, b, 
and c shown in drawing 2 , respectively. 
[0073] The same time amount as the BEKU start 
time tO is made to begin, and the time amount of 
tl is made to end the 2nd exposure, as shown in 



drawing 19 . Then, the 3rd exposure is made to 
start at the time of time amount t2. It continues 
to time amount t3, and this exposure is performed. 
Reduction of a pattern dimension stops and 
predetermined resist pattern 12b, therefore hole 
pattern 16b are obtained by this exposure 
( drawing 1 (D)). After that, BEKU is performed 
continuously and terminated at the time of the 
suitable time amount t4. 

[0074] Thus, by the 6th formation approach, the 
amount of cutbacks of a pattern dimension is 
controllable by the temperature of BEKU after 
development, time amount (t2*t0) after starting 
BEKU until it starts the 3rd exposure, and the 
light exposure at the time of the 2nd exposure. 
Moreover, the residual solvent and residual 
moisture which are contained in resist pattern 
12b are thoroughly removable with BEKU after 
exposure termination. In addition, since it is 
made to start in a BEKU process and the 2nd 
time and the 3rd exposure are terminated in a 
BEKU process, a throughput does not fall. 
[0075] 

[Effect of the Invention] According to the 
formation approach of the resist pattern this 
invention, by performing BEKU after 
development at temperature higher than usual 
BEKU aiming at clearance of a residual solvent 
and residual moisture, a temporary resist pattern 
is made to transform and a resist pattern is 
formed. Therefore, a resist pattern more detailed 
than before can be formed using the conventional 
KrF light and a chemistry magnification mold 
resist, without using short wave Nagamitsu, such 
as ArF light. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] It is drawing with which explanation 

of the 1st formation approach of a resist pattern is 

presented. 

[Drawing 2] It is drawing showing the BEKU 
time dependency of a pattern dimension. 
[Drawing 31 It is drawing showing the baking 
temperature dependency of a pattern dimension. 
[Drawing 4] It is drawing showing the baking 
temperature dependency of a pattern dimension. 
[Drawing 5] It is drawing showing the relation 
between a mask dimension and a pattern 
dimension. 

[Drawing 6] It is drawing showing the relation 



between a mask dimension and a pattern 
dimension. 

[Drawing 7] It is drawing showing the relation 
between a focus and a pattern dimension. 
[Drawing 8] It is drawing showing the relation 
between a focus and a pattern dimension. 
[Drawing 9] It is drawing with which explanation 
of the 2nd formation approach of a resist pattern 
is presented. 

[Drawing 10] It is drawing showing the BEKU 
time dependency of a pattern dimension. 
[Drawing ll] It is drawing showing the baking 
temperature dependency of the amount of 
dimension cutbacks. 

[Drawing 12] It is drawing showing the baking 
temperature dependency of the amount of 
dimension cutbacks. 

[Drawing 13] It is drawing showing the light 
exposure dependency of a pattern dimension. 
[Drawing 14] It is drawing showing the light 
exposure dependency of a pattern dimension. 
[Drawing 15] It is drawing showing the BEKU 
time dependency of a pattern dimension. 
[Drawing 16] It is drawing with which 
explanation of the 4th formation approach of a 
resist pattern is presented. 

[Drawing 17] It is drawing showing the BEKU 

time dependency of a pattern dimension. 

[Drawing 18] It is drawing showing the BEKU 

time dependency of a pattern dimension. 

[Drawing 19] It is drawing showing the BEKU 

time dependency of a pattern dimension. 

[Description of Notations] 

10: Processed film 12: POJIREJISUTO 

12a^ Temporary resist pattern 12b: Resist pattern 

14: Mask 16a, 16b: Hole pattern 
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y fcSnsg-e^-^ft^T. fiuy7hy^>^$ 

* >£7S±lcS5te£ tt«M 2 0 B <D§7t£fr 5 C t lz<fc 
y, SMl/y^ hA*>Ogff2£«litUT. l/y7h 

/t^ >*jBi«r * c <t *»a<hr-5. 

[0 0 16] CCDctPlC, ^-^(01^T^2(H]IOI 

*ftff5C4(Ccfey(EU^hyt*>tS±rc«*S* 

Sffit, ^-^BB*e^6a2 0BOB3t*ff5*t*oe 
IB4ICj:yimp-C«*. ^>t. S2|alBOB5t»(4. U 
h/t^>*icd*n*»BSS«*3J:tfl*B*#OB 
**BW<kUT««W(c<-^*fT5c<tA<-e#S. fit 



( 4 ) 



1-1 19443 



[0 0 17] £fc. ^0»l/y7 h/t^>C0^7i 

*^frp Cilery, 3RffiU^h/^>OKJB*» 
[0 0 18] COctpfC. ^-^CD^^T^2(H]eoe 

SB2EBOB*lcfcrt*B*«<!:, ^-^§S$Sj^e>fg 3 20 

S3in]aaB%»f±* h/t*>*ic**ft£ 

[0 0 1 9] 

[5Ewosias©jB«] jut, b**whut\ zomwn 

jaTiciBKr«a«ft#^«swi*a:*-«ic 30 
[0020] [ai tonmomM] zcommmmx' 

it. L'3**h/t*>CE>ftiSjft*&ico*KB'r«. H 
1 14, UiyX h/t*><DB 1 iBA^a«)HniCft-r«K 
ffiHT**. 9ff. tftjjnXffil 0(D±lZ 

tfvly^XM 2^^ffif^ (01 (A) ) . &jQX§i 
1 0(4, L/y7 h/t^>^ffl0^x^^>^[Ccty/t^ 

y^hl 2 4iDXUTJBric^-* 0 #y i/^H 2 <t U 40 
T(4. ftMB#^l/^h (XKJtttXIKttAtffctt 
§S0) TDUR-P 7) *flH*TU<5. #yi/^H 2 
(4. 0e«fl?aiCcfcoT«aPX«1 0(0±®[C^ftUT 
m&LT&o ZCDfflT'lt. 10 0 0 OA (3f>y^hP- 

[0 0 2 1 ] ;£(C. WS®7^^ 1 4^ffll\T*yl/y 
*M 2<0B**«t5 (B1 (B) ) 0 "7;*>7 1 4^ 

ut#yi/y^n 2*B3t-r«ciic«fcy. -7*^ i 



TffPo 0*y, 1 4<7}§8Pg|$$*b£iIUT> 7»t 

yl/yX h 1 2IC2 4 8 n m<D»:g<DU-1f3t£f8tt^ 

C©tS«. U-tfftTBH«*tl/t#yL/^h 1 2 
<0ffl#jWB3frr*. ctoT, /tM^lyfy^M 2ICI4, V 

1 4 0^^>*SttU>t»«^*B*W# < tUTJB 
JilcSn*. IHv #S*l/>** h 1 2 1 4 £<D{jlM 

Bflwu. #«oB**aicjci;TaaicBffi-rntf«fe 

[0 0 2 2] ;^(C, 1 2£3E«UTffily>> 

*h/t*>1 2a^Mn (0 1 (C) ) . 
L/TI4T M AH7KMf07M U 7k*»*mvCl* 

c<o^«»(cB3t<o«TU7b»jinxKi ozmmz 

ttT, *yl/yXh1 2©ffiJfeffl»*a«Wfc5SJBUT 
B5Sr*. ^fyU-y^hl 2 0>»*lC»JCOfc 

/t* VtfttdJPXK 1 0±(C^??-r^cr>T, W3£<D/t*> 
<OtiLUi>Z>hW>\ 2a#»e>*V5. SI (C) ICtf 
fcfcplC, -7**1 4CD§gPgI5^blC^L^<gty> ? y; 
hA*>1 2 a(Dfe^|C^-;Uyt^> 1 6a«^tl 

[0 0 2 3] fil/-^ h/t*> 1 2 a 

JBSth lyfyyl h/\"^> 1 2b^Mt-5 (01 

(d) ) . u^x ncwr ^>^-^(4. m 

*>Ki*S«-c<->>£fT?. co^^fc. fttt«j;yf>ft 

l^gT^-^^^drlUotfil/y^ KA*>1 
2 aCD^;i^|g/Jv$1±^o 0$U, 7fv-;U/t^>l 6 a 

[0 0 2 4] i2(t /t^>^CD^-^B#Pp1«c#1*^ 
■*;i*tt^T*VT«*. B*. KM t OiZ^-zmtS 
B2fC*-ri»»a, b, cfcd:tXdco§^(4. -^n-ftl 
^>1 6 b (1 6 a) OPSffl) <Oftr4IK<k*^UTt^ 

^ Sg J: y 6B*C ■ < KS U^cli^O^-;* ^<b^ ^ 
N« *#b. cfcc*:tfd(4. COWT^-^M 

**<»«ufc»6iz«ar*. ^Jx(4. ii^co^-^ 

it. 12 0 *C-^ 1 2 5 1 3 0 ro^Jg-r^-^ 

Is* »#b(4 1 2 0tfl)4«MaM*jRU IS^c 
(41 2 5t(D<!:t^aSft$^U «^d(41 30t 

tT^I4^F^CD^iM<h <h (C/t^ ^«/J\f-5. * U 
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[oo25] m3it. rtfy^tfev^-ZT&m&ffiSLZ 

^77T^§ fl «ttlC^-^Sg'(t*ffi) £H* 

8 0t-1 3 0 < C<D|5H^1 Ot^iCi^oT^ 
LT&So ««|(CA*>^54 (umJIMtt) £5* 

IK 0. 1 5/im-0. 3 MmOD§EI!£ 0. 0 5 m m CT 

^lIS^T^UTfe^o ^-^KHH (-T/cCt)^ (t 1 
-to) O^Jcffla-r^o ) li6 0 8iLfc. 10 
[0 0 2 6] £fz, m4l* s a«Ufc*-^W>1 6 

tt*>s» r90t60sj (tftto'S^-^ag^so 

0. 2 6 9 Mm, ri 20t60sj ("f ft^t^-^ 

sgan 2ot, ^-z&fm&e o«?T*^« ) 

(CP^filtfO. 2 4 5 ^m, fccttX r 1 25t60sj 
(■ra:*>-&^-^ffi*#i 2 5t:, ^-^W6 0^ 20 

T&£o ) <D<t^lCPgfi!#0. 1 7 4/imT'^o 
[0 0 2 7] StoT, m3t$&Zfm4frt>WZ>frt£<k? 

iz. ^-f^mnm^Jitf/** >^tm<Dt&'Mt<Dmm& 

C03H«»0^-^(i, #J*tfl 2 0t-1 3 

[0 0 2 8] Ja±KMUfccfc5(C, /t^>^Ojg/jNg 

C(D^>*tS/jN»(i. 3R«»<D*-JU/t*>1 6a« 
fc(iflc?¥L£:l^ ;UaC^>i 6 bO/t^ 

>-*5S<D«/h«f*, 7X^MW^ai:MU 30 

[0 0 2 9] H5lt V7^^i<t/^>^ii<h(DH« 
t*»J. 0. 2Mm— 0. 5 Mm<^|gH^:0. 05/u.m 

(B) fC7Ft"^X^ 1 4 0§3Pgfl#b<ftPS<£filT-& 
0. 6 MmCDiEH$:0. 1 ^ m CT£ (C §^ Ttk UT& 

3o 3H£U£/t* ^1 (D) ic;F-r*-;u/t 

6 bCDPSCDfiS-C^^o 40 

[0030] ^fc, ^7,{?^tmtJ^>^m^com% 

SUT*^ HftE^fi'S-^SS* 1 2 0tt 

TlUICg^UTil/TA^, HftE^te'*-* 
£g£l 2 5ttLfc«!:t(0aSeST'«5, &HftE 

j»=ftE*i^-^i»«*i 3 onctU/ti*©a8Stt 50 



l£T-£>£o *iB = ftE**»#dlc<fcorStMC«*U 

[0 0 31] 0611 6 b<DP 

tf^-^Bn^EKl/tftfi. «<0iMB(cii, 

©2ffBJa»fcj:V2Maa»oM*-r*#«ic. /t* 

[0 0 3 2] ftoT. S5fc<fc^0 6[Z^^J:plC, A 

[0 0 3 3] /1*>^;i<Z>tg/hSll BftftfWD 

»l<fc£lC»L^Tt>**ytt#Lfcl\, ixlt 

lZl*7*-jj* UmJtMi) *ftU, -0. 5/im-1 
MmCOSEH^O. 5 Mmr<hlCSffi^T^UTfe^o * 
fc* (wmJ|M&) *»U* 0 /xm- 

0. 3/AmC0iBa^:0. 0 5 m m CT£ (C ElEgo Ttf UT 

[0 0 3 4] 7t-^3^(h/^>^^Hi 

&a».E^«:«»alZj;oTSt\(ca^L, 
Tlltfe^ £*z> EaftE^fi^-^iSK* 1 2 0t 
£Ufc<fcS<03HJ£tS*T**. #HftE*6»#b[Ccfc 
oTStMCg^UTSLT^o HftE^fi^- 

E^J*^clC<fc^)Ti:t>lC^UTaUT^^o US, 

^^-^(D^-^^mn^ize o,»t*s. 

[0 0 3 5] i8ll iMSU^-;U/X^>1 6 

Kfccfctf^-^WIHtEKLT**. £0 1?ijg 

lC(i, :7*-A*fI UmJIMtt) *EBl/T»«. 
T\ £^2^gJa^fcJ:^2?iJgJUKo>PtiS-r^ : &^ 

\z. /t^v^jsoassfii^-tti-rtiMm^ia-cEttuT 

[0 0 3 6] Sot, S7feJ:tX08 lC^-Tcte>lC, /t 
^ >"«raiB7 * - A X<D^<fcfC*t UTiatf— 
O S U % 7 4— A ^Oit l MZ<t >^f;i Off fttt'h 
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[0 0 3 7] [S 2 £>HSS(Draffi] ifclC, h/^ 

XHIC^^ 01 (A) - (C) fc£tf0 9£#&ai,T 
0 9(1 »2JBfiS^;±©Blfl8(c«f -SBrffiH 

[0 0 3 8] 9t?. ttADXni 0O±(C7^>?U^X h 1 
2%mifi?Z> (SI (A) ) 0 #MC, ^07^^7 1 4 
^fflL\t/^yl/y7h1 2 CDS 1 Is]BCDBft£*7? (0 10 
1 ( B ) ) o ;*[C. 3R«*f7oT*>?U^^ h 1 2 0i 
<£U>^h/t*>l 2 

(il (C) ) o *yl/yXh1 2 (C(;t*-JU/t^> 1 

[0 0 3 9] «l\T. C(DHSS<Dff2fS-m, h 
/t*>1 2 a£*^±lCSft£t!-£^#CDg|2 0aoB 

tt£*r? 09 (a) ) . pjx.fl ii^o^-<-yuv 

T\ iliMfr^o CG>»BjK«Tli. C(7>±®B7fe 20 
li, 6 5 nmMl^a^WUTft^T 

*>1 2 a<DHf»tt^|p]±$-l±-5C<t^-C^^o 

[0040] 2fcic, an mj&fim<D mmiz. ^- 

h/t*>1 2b^Mn (0 9 (B) ) o ^(O^-O 
fCctU, *-;U/1*>l 6aO/t^>-d-;i (PS) #|g 

±xEU>tS2|njaoB^XfilCfct\TffiU'v^ >7t*> 

1 2 a£^±lcS7fe£t!:T&£(DT\ 9R 1 l&l£fiifc<D 30 

[0041] 0i oii, /i*>^>£<D^-^PBi«m$ 

ftoT«UTl\S. 01 OlZ^-r»#a, b, cfccfctf 
d(i, ftifti0 2l:^Uc8^a, b, cfccfctfdlc 

*t/&UTi^ 0 01 o(c^fcfce>(c, 2 0 a oBtt 

(i, ^-^BBJlftemt OcfcU feHuOftlHt 2lcBBJfiS 
tL |i|D<^-^§BJSHtPBl t 0&V*>ffi<Dmil t 3IC|* 

<OS2 01(DB3t<O*«IT*a. fLT, 40 
*&(c«fc4itf. 0 2£0i 0<t(D>Ptlt^e>^e)^/ci:J;e> 

[0042] ;x\z. n&vmmi&zkzm i 1 *5<t^0 1 

2 tc^fo '0 1 i its m£m'^m<D'<-t? : £ L m&ftte$: 

i 2 ot-i 3 oT^&mm&stztiz&m-DTTfi 

oTt>^o CC0^-;S^/jNM(i, 9 OtODiSgrCK— ^ U 50 



Sl'Mlte. Oum—0. 2 Mm<£>f5H£ 0 . 0 5 /xm^T 

[0 0 4 3] 0 1 1 (Cli, §fl 2 @ a OBft£ ft ^/cif^ 
©^a«/M0)aS»«4, S2[5]g<DB7t€^^:^ 

<K aAE**«2iaa©B**f7*>tt:^o/t:it*a)a 

UT3tUT<fc3o Egftie^(*S2 0aoB**fr 

ofc«^>aS5g*SS-r*£. §e9ftie^£f£#b(C£o 
TSIMC$£^ UTS UT&£o 

[0 0 4 4] 0 1 2fJ. ;lj^U>c7tx-;U/t^> 1 6 bCD 
□ Sffi*:*-rarc*£o Son frBlcii^-^iBfiftlE 
BUT<fc<*> 0 Sfc, 3i<D1 ^JBlCl£S2@a<DBfttf>*i 
M^lSiSLT^^o fUT, *<D2frBJUR*5<fctf 2M 

[0 0 4 5] 01 1 fccfctf 0 1 2 iC^-Tcfc 5 (C. m 2 \B\ 
a<OB3t*f7o^«^<D^^B3t€?Tt)^t>li«&fCJt^ 

IV, C<E><fc?lC, !fI2@a<DB3fc£ft?c:£{Zcfc^TL' 
h<DM$&i$:t)mmiZfa±-tZ><DT\ ^-^^g^ 

[0 0 4 6] 0 1 3*5j;tf0 1 4$#ILT, A 

^>^oB^«lc^fr^^blc^#rift^-r^o 0i 3 

I*. s**>^t}£ (7tv->U/t^>l 6 b (DPS) (DB7t« 
«c??14€^-r^^^T^)^o StiilCBftfi (mJ/cm 
2 *«iy. OmJ/cm* -5 0 0mJ/cm2 

CD|Effl£ 1 OOmJ/cm? Zl£_ ClioTS LTfe 

«!6lC(i/^>^;i (Mm*fi) 0 
Aim— 0 . 3 Mm<£>§e!l£0. 0 5 /xm^ilCSS^T 

"C?fU S-a^lIS^^^alCcfcoT^UT^UT^) 

[0 0 4 7] &fz. 0 1 4(i, insurc^-;u/t^>i 
6 bOPStt^itfel,, 3itf>l irBlcfi, B3tg 

[0 0 4 8] H % 'HI 3fcct^0 1 4 iZ^-TiHSaS . 
li, 1 2 5100^6 O^O^-^^fro^ii^CO 

t>coT^^ e 0 1 3fcctt/0i 4lc^-Tci:plc. B7t« 
Oii^DlC^C\/t^ >-*ti£tfii9MTZ>o U . B5tS€ 
^ < t Z> (5 4*^5* «/Jx«* /Jx ^ < T & ZL £ tfi~Q% Z> o 
[0 0 4 9] JU±KWL^<fe5lC, *2JE«»a6lCcfcn 
ff, il®^CD^-^<7)^-^iSgfcct^m2lH)acOB^ 

©B*«iCcfcy*?i«/h«**Jffl)-c*-5. u^t). ±m 

l/fc«lS«»a<!:H*i:, ^^air^T(DB3tgfe 
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[0 0 5 0] imsonfaommi i/y^h/^ 
><d& 3 ^^(co^ift^-r^o ^ 3 m&ttmtn 2 

[0 0 51] JfrT\ teflDX^I 0<D±lZtfiSlsiSX h 1 
2£^-f£ (01 (A) ) 0 «l\T. ^(DVX>> 1 
4$rffiC\T7^vU^^ h 1 2CDg|1 ©BcO^^^fr? 

(01 (B) ) o ,k\Z. 3R«*froT#yU>*X h 1 2 

£ (01 (C) ) o 

[0052] ;*ic, *-?^&&ftm2tifzmytgim 
\s*j*hK*>\ 2 3L<Dmft&'rt?o ^<ommt % m2 

£<> 20 

[0053] 01 /**>^m<D^-#mr$&wi± 

IK^TSLTl^o 0 1 5 icjj^-jfgtt a , b. cfcj;tf 
clli, ^n^ft0 2 iC^U/t&tta, b. cfccfctfdlC 

m*s ^-zmi&ftffl t otffi-ommizmt&zitz. 

£fc, §S2|e]gc7)Bft(i, ^-^T^GUt 1 J;y*>B* 
<D&m t 2 lc$*T£i±£ 0 ccDcfcplc, ^->)ig^|: 

T\ XJU-y^ HjMETU£0. 30 
[0 0 5 4] [S 4 <OSt«g<0}BIB] *IC, ly>>*h/t* 
>(D|g4^^{CO^, 0 1 6*«WHUTKWr-5. 
01 6 it. ly^h/t^>©a4JBfi6^;*<D«MIC«f 
«ilBTft«. Si, »*$T?li«i»«*atM« 
lCHCX8€$t*0rC* SffllC, cc7>Xglco£0 1 £ 

[0 0 5 5] Jtr. tJUiniHl 0©±lC*^l/^h 1 
2*Mrr* (0 1 (A) ) o RFf5£<7)v;*£ 1 

4«fflt\T*yl/y^H 2 cDg* 1 0 g (0Bft*fr3 

(01 (B) ) 0 ;*[c. ^«^froT7H>?Uv^ h i 2 40 

-5 (0 1 (C) *5cfctf0 1 6 (A) ) o ctt>T. 7^>?U 
5>*M 2(C7tv-;U/t^>1 6a^«^n^o 
[0 0 5 6] "tUX. mW®mt$£ZfiM&7kft<D®i££ 
B«<hU^il^<D^-^<fcy'fe>St\Sg-CSl 01^ 

•^h/^>1 2 b (016 ( B ) ) o CCD 

**UTJB«3^»tr*. tLT, *-;U/t*>i 6 a 50 



ct>/1*>^;£ (p@) »M,T, Sr^c^7tv-;u/t^> 

[0 0 5 7] ^IC, l/y7h/^>l 2b^^Ci)t 
£t!:£JfS2[s]gc7)B3fc£fte> (0 i 6 (C) ) 0 TUt> 

/t^>i 2bic^ftf-r^o ccDcfc o [z±mm^t^uoz: 

Liz&V. Lxv*h/1*>1 2 bc7>WSfttt£|S]±£-ti- 

[0 0 5 8] fLT, KSS«fc<fctf«3*#4>»*€: 
Stt<fcLfcS52iaB<0/>C-*«f75 (01 6 (D) ) o 
CCO^-^XgTli. CCO^TIBElCUv^ h/t^>1 

2 ba<+#ttiHiiint**uTi^*fc»ic»7P-^i; 
fc^o «£oT, ffi laao^-^xaTtt^+WT*^ 

[0059] 01 at. /^>^tm<D^-^mmittn^± 

^ot^LTU§ 0 01 7 \Z7f;T1&ft a . b&£Zfc 
it, ftlftlB2 (CTFU^^a, bfccfctf c iCtt/fcU 
Tt\£ 0 CCO0 1 7 (Z^f <fc?lC, gl 1 IsJgcT)^-^ 
I$n t 0 lcB9*eSli\ t 1 cOB$P B 1lc**7£l±3o IBEO 

x, mm t 2(cfg2 0g(DB5t£raj&oT, cc^sst* 

»Mt3*Tf75o fbt, CtftfC. »2HiO^C-^ 
[0 0 6 0] ^^T, CCO^j5Sc^;ST(i, 

bcd^-^jspbI (ti-to) iz&vmwxgz. -eu 

0 g cDBftcr^ttco/K^ V*c iz J: y £ CZ>^=F<D*-)l, 

teoz<tte<. ^~;U/t^>co^-)S^IS/Jv$i±^c<Jb^ 
[0 0 6 1 ] UfyXh/t^>1 2 bteSf5 2(elgc7)^ 

vttfmtKstiiK a^t, ^i iH]g(7>^-^«h^2iH]g 

[0 0 6 2] [JB5<0*SfiOJBffl] U*J*bK* 

xomsw^yjmiz-o^mm-r^o msm&^ixit. 
mtotik<D*-&B$izm2®m<oRyt&¥fz>. ^<om2m 
Bomtvit* \-/^>&7Z±\zmytz-ttz>z: 

C<Da5JBfiS*5SlCO*. 0 1fcctc^0 1 8^#iSUT 

mm?** 

[0 0 6 3] 9er* muJLm^ oco±iC7t^^u>?^hi 

2&mifitZ> (01 (A) ) o ^CO^^^ 1 

4^ffltNT^>?l^> ? ^ h 1 20^1 0ac7)S7t$r^TP 
(0 1 ( B ) ) o ^^troT^fyUiy^ h 1 2 
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<5 (01 (C) ) o cfcoT, tR^U^M 2fC*-;U 
1 6 a#ff2j££tl£o 
[0 0 6 4] friz. ^-*#8M*|»Sftfc«**H 

2\a\B<Dmytizmm?z>o Sot, co^-^^ic^p 

<5o f Lt, COBftlC^tJ, <5U>?* hA*> 1 2 a 

eDW$&tt£fl±£t»:T. ^-*iccfc*»ra*fflit-r5. 

[0 f 0 6 5] 01 8(4, /t*>^;S<D^-£B$Httmi 

^oTtfUTCX^o 0 1 8 (C5K-r»# a , bfcjctfc 
(4. *ft^ttH2lc^L*:i*#a. bfccfctfc lC»JfcU 
TO*. 

[0 0 6 6] 01 8lC^cfc?lC. 3K#&(£/n;-^|4B# 20 
*>;Sfi£ffi<iS:3£bX!:ig^ (0 1 8(D«#bfc<fctfc<D 

ft£TLT*0>< £(4PKt>&0 0 ) o MOT* EHW t 1 CD<h 
*lc£2ElB(&Bft*B8tftSti-£. C<&B*fc(4B*IBt 2 

*T««L,Tfr5. c^iau, /t^>ts©» / > 
*>i 6 b#ff&n« (01 (d) <iu 01 8 

ic^-fct^fc, B*<D§B*fiilB|l9rc/t^>^5i<Dl|/J\*« 30 

frtV m^teftTfit 3<D££(C|*T£t!:3o 
[0 0 6 7] COcfcplC, fg 5 JBfiE^T;ST(4, A* 

UT*^&B*«:BBJ&r«*T©fiFH (tl-tO) <hT 
«HB-r«C4«*T*«. iXttOlXlttNIII 

( 1 2 - 1 1 ) ftifftBa-rscticfcoraai-r^c 

&#T*«. B3t^T»<7)^-^fc<fcU\ L/v* 

^*(C»*-r«Cli:^T**. N« !£2IH]atf>B#(4, 40 

T\ K^ffTUftO. 
[0 0 6 8] [«6 0*JB(D«ffl] *IC, l/y^h/^ 

(4, 3»|»aO^-^j|fT+lC2I51<OB*«:f7 5. «J«>(D 
BftT(iffiUS**h/**>1 2 a£^±ICSft2t!: 
T, ^-^lc«fc*A^>^-a<0li/J\Oil3*iBSa:t>(D 
<h*r^C<h^0^ o &<DB5tTI4{5Uv* h/t* 

> 1 2 a£^±fcS#£ttT, ^-^lC<fc-5/^>^a 

<D»/Jv$±ab^ 0 50 



[0 0 6 9] 9cts ttARXRl 0<D±lC#yi/5>* h 1 
2«r»ft-r* (01 (A) ) o «l\T, ^rSCDV^^I 
4tfflOT#yi/y7H 2<E>35 1 [eiaogft^fr? 

(0 1 (B) ) o fc|C. mm&ft-DTTtislsis^h 1 2 

* (01 (C) ) o 
[0 0 7 0] ;*IC, "C-*¥«#rt«£tl*:B3teKIB 
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